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charged particles in the plasma to move
toward the outer edges of the reactor
rather than fusing with other particles in
the core. If enough particles drift away,
the plasma loses temperature and the
fusion reaction cannot be sustained.

The growth of the microinstabilities
that lead to turbulent transport has been
extensively studied over the years. Under-
standing this process is an important
practical problem, and it is also a true
scientific grand challenge which is partic-
ularly well suited to be addressed by
modern terascale computational resources.

With the availability of terascale com-
puters in recent years, the GPSC team
has been able to carry out simulations of
experiment-sized plasmas with improved
physics fidelity. Typical global PIC simula-
tions of this type have used one billion
particles with 125 million grid points over
7,000 time steps to produce significant
physics results. Simulations of this size
would not be feasible on smaller comput-
ers.

With nearly two orders of magnitude
increase in particle numbers, the GPSC
project has been able to resolve long-
standing uncertainty about the effect of
discrete particle noise on the long-term
transport predictions of turbulent gyroki-
netic PIC simulations.

The “noise” referred to here involves
not just particle interactions that are not
relevant to energy transport, but primarily
numerical sampling noise, because PIC
simulations involve Monte-Carlo sampling
of a collection of “marker” particles.
Recent work shows that this numerical
noise has little effect on the resulting
energy transport when a reasonable
number of particles is used.
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Turbulence spreading (left to right) as depicted by the perturbed potentials of ITG turbu-
lence on the poloidal plane as they follow the magnetic field lines around the torus.

When the GTC code was applied to a
geometry similar to the ITER experiment,
an interesting new phenomenon was dis-
covered: the turbulence spreads radially
from a localized region to eventually cover
most of the poloidal plane. This discovery
was made possible by a simulation vol-
ume that is large enough to allow a clear
scale separation between the turbulence
eddy size and the device size.

“The simulation clearly shows that small-
scale turbulence eddies are typically gen-
erated in the unstable region and flow
along the streamers to the stable region,”
Lee said. “In addition, the streamers are
found to break and reconnect, resulting
in a very complex dynamical evolution.
These new results have raised intense
interest in the fusion theory community
on the fundamental physics of turbulence
spreading.”

Clearly, there is a lot more work to be
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done in modeling tokamak plasmas, and
with petascale computers coming online
and the addition of more detailed physics
to the GTC code, the GPSC team is
eager to continue. With trillion particle
simulations, they hope to find detailed
solutions to problems such as electron
thermal transport, the scaling of confine-
ment with plasma size and the effects of
different ionic isotope species such as tri-
tium on plasma burning.

The success of these efforts will
depend on close collaboration with other
SciDAC centers, including the Terascale
Optimal PDE Simulations (TOPS) Center,
the Scientific Data Management (SDM)
Center, the Ultrascale Visualization
Center, and the Visualization and
Analytics Center for Enabling
Technologies (VACET).

Learn more about Lee’s research at
http://w3.pppl.gov/theory/GPSC.html.
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